The objective of the study was to assess ratio of oxidation to antioxidation in the blood of horses in selected equine diseases. The study was conducted on 47 Polish half-breed horses (36 mares, six stallions, and five geldings) aged 2 to 16 years. Nineteen mares were diagnosed with endometritis, seven horses with symptoms of colic, and six with upper respiratory tract infection. The remaining clinically healthy horses (n=15) served as control. The following parameters were measured: oxygen metabolism in neutrophils using a chemiluminescence (CL) method, total antioxidant status (TAS) of blood plasma, as well as superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase activity in whole blood. The results demonstrate increased CL of neutrophils in mares with endometritis, as well as in horses with symptoms of colic. This finding was associated with decreased values of SOD, GPx, and TAS (chiefly in mares with endometritis), which suggests oxidative stress. These results underscore the importance of a broader use of oxidant/antioxidant status assessment in studies of the pathogenesis and pathomechanisms of equine diseases.
One of the conditions of homeostasis is to maintain balance between reactive oxygen species (ROS) formation and the antioxidant capacity of the organism. Increased ROS formation and/or attenuation of antioxidant mechanisms lead to so called "oxidative stress" (2) . The results of this phenomenon are well documented changes in the conformation of many biological molecules, which lead to abnormalities in their function. The structures most susceptible to ROSmediated damage are the lipids compromising the cell membranes (changes in integrity and fluidity) as well as nucleic acids, proteins, and carbohydrates (2, 7) . The pathological implications of free radical reactions and oxidative stress are still the core object of much research that suggests an important role of ROS in the pathomechanisms of many diseases with immune dysfunction and chronic inflammation (12) . The number of studies concentrating on these problems in horses is undoubtedly lower than those devoted to humans and laboratory animals, however, the observations made so far present increased ROS formation in the course of many diseases, among others: recurrent airway obstruction (4, 11) , exercise-induced pulmonary haemorrhage (19) , equine motor neuron disease (5), joint diseases (6) , laminitis (21) , and bacterial endometritis (16) . It needs to be emphasised that these studies were limited to the assessment of oxygen metabolism in neutrophils or the antioxidant potential of blood. It seems, however, that a simultaneous assessment of both parameters would provide a better understanding of disturbances in oxidative-antioxidative balance.
The purpose of the study was to assess the oxidative-antioxidative status in the peripheral blood during the course of selected equine diseases.
Material and Methods
Animals. The study was conducted on 47 Polish half-breed horses (36 mares, six stallions, and five geldings) aged 2 to 16 years; namely, 19 mares with endometritis, which was diagnosed based upon cytologic and bacteriologic assessment of smears taken from the uterus (group I), seven animals (four mares, one stallion, two geldings) with symptoms of mild to moderate colic pain caused by acute gastrointestinal disease (group II), and six horses (three mares, two stallions, one gelding) with symptoms of cough and mucopurulent discharge from the nose suggesting inflammation of the upper respiratory tract (group III). The remaining clinically healthy animals (ten mares, three stallions, and two geldings) served as the control group (C).
Sample collection. Blood was taken from the external jugular vein at the moment of diagnosis of the illness (examination A) as well as 2-3 weeks after completion of therapy (examination B). The blood was sampled using a closed negative pressure system Vacuette ® . Each sample was collected into two plastic tubes: one 9 mL tube containing lithium heparin and one 4 mL tube containing potassium versatate (K 2 EDTA).
Chemiluminescence of peripheral blood neutrophil analysis. The evaluation of oxygen metabolism in neutrophils was done in whole blood (collected into tubes containing heparin) using chemiluminescence (CL) with luminol (5-amino-2,3-dihydro-1,4-phthalazinedione) diluted in a 0.4% solution of NaOH to a concentration of 28 µmol/mL. The assessment was performed using a microplate luminometer (Luminoskan Ascent Type 392, ThermoLabsystems, Finland) by kinetic method for 40 min at 38.0°C ± 0.1°C, measuring CL at 2-min intervals. The results were presented as the value of CL integration that is the area under the curve of emission plotted against the function of time (RLU). Both spontaneous luminol dependent (without stimulation -WS) and stimulated chemiluminescence was determined. The following CL stimulators were used: opsonised zymosan (OZ), N-formyl-methionyl-leucylphenylalanine (fMLP), and phorbol myristate acetate (PMA). The examined sample contained: 150 µL of whole blood, 100 µL of 1.41 mmol/L luminol solution, and 200 µL of PBS or 100 µL of PBS + 100 µL of stimulator. The sample was transferred at 300 µL volume to microplate wells using an automatic pipette. The tests started immediately after the addition of blood to the prepared reagents. All measurements were repeated three times during one test and the arithmetic mean value was calculated.
Due to the fact that CL value is inversely proportional to the concentration of haemoglobin (Hb), whose spectrum of light absorption weakens chemiluminescence, and directly proportional to the number of neutrophils (N) in the sample, the obtained results were corrected relating CL value to 1,000 cells. In the blood collected into tubes containing K 2 EDTA, Hb concentration was determined, as well as the white blood cell WBC count, and the percentage of neutrophils in WBC picture. Haematological indices (red blood cells, WBC, Hb, haematocrit) were determined using an automatic analyser (ABCVet, Horiba ABX, France) and microscopic analysis of blood smears was performed using May-Grünwald-Giemsa staining. Optimisation of the results was done according to the following formula taking into account the volume of the blood sample (15) x ) and standard deviation (± SD). The significance of the differences between mean values was verified using Tukey test assuming the differences to be significant if their probability was below 5%. All statistical analyses were performed using Statistica v. 6.0 StatSoft software.
Results
The haematological examinations revealed minor variation of the assessed mean values between the different groups of animals, both at the moment of diagnosis of the disease and after therapy. Only one statistically significant difference was noted in the number of leukocytes in the group of horses with symptoms of colic (II). The mean value of WBC -at the moment of diagnosis was 11.44 ± 2.93 G/L compared to 8.50 ± 1.81 G/L in the same horses after therapy. These changes were accompanied by a small (statistically insignificant) increase in the percentage of neutrophils (approximately 7%) in sick animals (at the expense of lymphocyte involvement). In the remaining two experimental groups (I and III) no significant variation in haematological parameters was observed; however, a small variation in WBC indices in mares with endometritis (group I) showed a similar tendency to the horses in group II. It needs to be emphasised that the mean values of the measured haematological indices, in both: the experimental animals (assessments A and B), as well as in controls were within the physiological norms of the species (14) .
The results of oxidant activity in the blood, assessed by chemiluminescence tests, are shown in Table 1 . These indicate a statistically significant increase in the spontaneous oxygen metabolic activity of neutrophils (CL-WS) in horses with endometritis (IA), and symptoms of colic (IIA) compared to the control animals (C). Similar results were obtained following the use of various stimulators (OZ, fMLP, PMA). After the treatment of horses in groups I and II, a significant decrease in mean CL-WS and CL-PMA values was stated. A similar trend was observed in the results assessed by CL-OZ and CL-fMLP in comparison to the results obtained at the time of the diagnosis. On the other hand, a statistically significant increase in CL activity in horses with diseases of the upper respiratory tract (IIIA) was not confirmed in relation to the results obtained after therapy (IIIB), as well as to the values seen in healthy animals (C).
The mean value of antioxidant enzymes (SOD, GPx, CAT) and TAS of blood plasma are shown in Table 2 . The statistical analysis revealed significant variation of these indices (with the exception of CAT) only in animals of group I. In mares with endometritis (IA), a noticeable decrease in SOD and TAS was seen in relation to the results after therapy (IB). There was also a significant decrease in GPx activity in comparison to control animals (C). It is worth noting that a similar tendency was seen in horses of group II; this, however, was not confirmed statistically. No significant influence of upper respiratory tract infection (IIIA) on the mean values of the measured antioxidant indices was found. n -number of horses; I -endometritis; II -symptoms of colic; III -diseases of the upper respiratory tract; C -clinically healthy control horses.; A -assessment at the moment of diagnosis of the disease; B -assessment after therapy; CL-WS -chemiluminescence without stimulation; CL-OZ -stimulated chemiluminescence opsonised zymosan; CL-fMLPstimulated chemiluminescence N-formyl-methionyl-leucyl-phenylalanine; CL-PMA -stimulated chemiluminescence phorbol myristate acetate; a -mean value differs significantly (P<0.05) compared to value registered in B assay; bmean value differs significantly (P<0.05) compared to value registered in control horses (C) 
Discussion
Chemiluminescence in whole blood was analysed on the basis of the assumptions of Magnusson and Holst (18) stating that measurements in whole blood are a better reflection of homeostasis in vivo than examinations performed on isolated leukocytes and are thus more useful in clinical trials. Measurements in whole blood also do not require any laboratory procedures to isolate neutrophils, which could affect their survival, or expression and activity of cell surface receptors (23) . It seems, therefore, that methods used in the study (using a set of stimulators) allowed us to obtain objective results, under the assumption that total CL of the blood corresponds to the amount of ROS generated by neutrophils, which are the dominant population of phagocytes in the blood. This is grounded in research presenting that the contribution of monocytes to light generated in test tubes is negligible due to their small numbers and weaker generation of ROS in comparison to neutrophils (17) .
Presented results demonstrate intensification of free radical dependent process in the blood of sick horses, especially mares with endometritis and in animals with symptoms of colic. This phenomenon manifested as an increase in both spontaneous and stimulated chemiluminescence activity in blood neutrophils in comparison to the results obtained after therapy and to the results of control animals. The study assessed not only spontaneous CL in the blood but also after its activation with various stimulators. This method is often used in the research because it allows not only for an indirect assessment of the neutrophil ability to generate ROS but also to assess their ability to correct response to stimulation via different signalling mechanisms. Such an experimental setup enables a more complete insight into the functional activity of neutrophils through an evaluation of the expression and distribution of surface receptors and enzymes essential for proper and effective phagocytosis. These results are consistent with the results of other studies. Asbury and Hansen (1) have shown a significant increase in oxygen dependent bactericidal activity of circulating neutrophils in mares with bacterial endometritis compared to healthy animals. Additionally, a similar relationship was documented in the CL of cells of uterine origin. These observations are exceptionally important because they confirm the usefulness of assessing the intensity of ROS generation by primed cells of the peripheral blood in situations involving localised inflammatory states. Similarly, the previous research undertaken in the Department of Pathophysiology of Reproduction and Mammary Gland has shown a positive correlation between CL in the blood and intensity of endometrial inflammation in mares (16) .
An intensification of free radical processes in blood was also seen in horses with symptoms of colic. These results overlap with those of previous research. Activation of neutrophils has been observed in strangulating lesions (8) and in inflammatory conditions of the gastrointestinal tract (29) . Many gastrointestinal diseases in horses have been found to be characterised by transmural penetration of bacterial endotoxins from the intestinal lumen into the bloodstream, and initiation of a systemic inflammatory response with activation of peripheral blood leukocytes (28, 29) . Ischaemia and reperfusion processes also occur during colic in horses and an increased release of ROS after resolution of an intestinal torsion for example could be expected. In experimentally induced ischaemia-reperfusion of the jejunum and large colon of horses, significant oxidant/antioxidant disorders were detected in the jejunum (13) .
In contrast, there were no significant changes of CL in horses with inflammation of the upper respiratory tract. These results are difficult to interpret. Although the studies have shown that viruses, among others influenza virus, can activate the respiratory burst, i.e. an increased generation of superoxides by phagocytic cells (24) , it needs to be taken into account that infections in the upper respiratory tract could have been caused by non viral factors such as e.g. allergens.
The results of many studies have shown that activated phagocytic cells, both migrating cells, as well as those at the focus of inflammation, are the main cellular source of ROS in inflammatory states (2) . It is considered, however, that cells of the peripheral blood (mainly neutrophils) are also a good model for research because of their earlier priming e.g. by cytokines released from activated mononuclear cells (3) . Recently, there has been an ever increasing body of the research concerning the mutual interdependencies of inflammatory mediators, cytokines, and ROS. These studies have shown, among others, the damaging effects of ROS on the platelet-activating factor (PAF) inactivating hydrolase, which in consequence furthers the inflammatory state (27) , and in turn corresponds to other observations indicating a positive correlation between ROS generation and the advancement of the inflammatory state (10, 16) .
For the purpose of maintaining homeostasis, aerobic organisms have developed, in the course of evolution, intra and extracellular mechanisms to detoxify ROS. This function is carried out by antioxidant compounds, defined as compounds that slow or prevent the oxidation of a given substrate at relatively lower concentrations (2) . A critical role in these processes is ascribed to, among others, SOD, GPx, CAT, and nonenzymatic antioxidants such as α-tocopherol, ascorbic acid, β-carotene, reduced glutathione, uric acid, bilirubin, and albumins (2, 26, 31) . All substances mentioned above (and many others) mutually interact with each other, creating a complex system of antioxidative protection in the organism. A deficit of any of the elements of this system can cause a decrease in the total antioxidant potential, a consequence of which is oxidative stress. The results of the study suggest that this phenomenon is revealed primarily in mares with endometrial inflammation. This is indicated by an increase in CL activity, which accompanies a clear decrease in SOD and GPx activity, as well as decreased TAS in the blood. These results are in the agreement with prior publication by Yaralioglu-Gurgoze et al. (30) , who have shown a significant decrease in erythrocytic GPx in mares with endometritis in comparison to healthy animals. This phenomenon was associated with a clear increase in malonyl dialdehyde (MDA) content, which is one of the final products of the peroxidation of lipid cellular membranes, which additionally confirms an inadequate elimination of ROS by antioxidant compounds. Similar results indicating the phenomenon of oxidative stress in association with endometritis have been obtained in women (25) , cows (9) , and camels (20) .
The study suggests that oxidative stress can also appear in horses with symptoms of colic. This is indicated by lower than average values of SOD, GPx, and TAS in comparison to results obtained in these animals after therapy and to healthy control horses, even though this was not confirmed statistically. This observation seems to be valid, especially in the light of recently published results indicating a marked increase in urinary isoprostane content in horses with symptoms of colic (22) . These compounds are generated as a result of nonenzymatic free radical peroxidation of polyunsaturated fatty acids (mainly arachidonic acid), and therefore, their increase in biological samples is a sensitive indicator of oxidative stress. It seems that the results of the study could be affected to a large degree not only by a small sample size from the horses with colic (n=7) but also by the variation in the duration and severity of the disease.
The research undertaken indicates that the postulated involvement of ROS in the course of many diseases is justified; however, it is still unclear whether oxidative stress is one of the causes or a consequence of this phenomenon. Moreover, it also suggests a need for a wider use of oxidant-antioxidant status assessment in studies of the pathogenesis and pathomechanisms of many equine diseases, also in the context of using medicines, which modulate the bactericidal activity of neutrophils and exogenous antioxidant compounds.
